SUMMARY : A new procedure for determining the amount of venom ejected by a bite of a poisonous snake was established. The procedure consists of exposing a fresh piece of rabbit muscle to an attack by a poisonous snake, extracting the injected venom from the piece, determining the toxic activity of the extract and calculating the amount of venom ejected. We confirmed that about 90 % of the injected venom was recovered.
INTRODUCTION
A few attempts have been made to determine the amount of venom ejected by the bite of a poisonous snake Kochva (1960) exposed mice to attack by Vi pera palaestinae and estimated the amount of venom from a single ejection by determining, the difference in body weight of mice before and after the attack.
Precise information on the quantity of venom ejected by a single bite is required. to study snake poisoning in man and its therapy and to develope improved antivenins and toxoids.
In this paper we describe a new method for determining the amount of venomm ejected by bites of Trimeresurus fiavoviridis and Trimeresurus elegans. The method consists of exposing a fresh piece of rabbit muscle to an attack by a poisonous snake, extracting the injected venom from the piece, determining the toxic activity of the extract and calculating the amount of venom ejected . The quantities of venom ejected at a single and successive bites by the two species of poisonous snakes were determined MATERIALS 
AND METHODS
Snakes : Poisonous snakes used were Trimeresurus flavoviridis and Trimeresurus elegans collected in Okinawa and Yaeyama Islands , respectively.
After capture the snakes were kept for 2-3 months at the Institute of Hygiene of Ryukyu , Ryukyu, Japan.
Snake venom : The venom used (Batch No. 61-B) was a pool of dried specimens collected in Okinawa Islands during 1961 from T. flavoviridis . The venom was diluted with phosphate-buffered (M/30 , pH 7.2) saline to a desired concentration immediately before use.
Experimental animals : White mice of an inbred strain gpc/Y (general purpose colony, Yoken) of both sexes weighing 14-17 g were used to determine lethal toxicity . Albino rabbits of both sexes weighing about 2 .5 kg were used to determine hemorrhagic activity.
Determination of lethal toxicity : Lethal toxicity of venom was determined by intravenous injections into 4 mice with 0.2-ml portions of each of several dilutions graded with 1.4-fold intervals.
The LD50 was calculated by the method of Reed and Muench (1938) . The standard error of the LD50 was calculated according to Pizzi (1950) . The fiducial limits of the LD50 (P=0 .95) were 80 and 125 % under the specified conditions. Determination of hemorrhagic activity : Hemorrhagic activity of venom was determined by the method described previously (Kondo et al ., 1960) . One-tenth-ml portions of 3-fold dilutions of venom were injected intracutaneously into the depilated back skin of 2 to 3 rabbits. The rabbits were killed by ether inhalation 24 hr after injection ; the skins removed immediately.
The skin was spread and fixed on a glass plate so as to keep the original size. The cross-diameters of each hemorrhagic spot were measured from the visceral side of the skin. From the average diameter , the hemorrhagic activity of each test sample was estimated in relation to a reference venom by the parallel-line-assay method.
The minimum hemorrhagic dose (MHD) was defined as the amount of the reference venom (Batch No . 53) producing a hemorrhagic spot of 10 mm in diameter under the specified conditions . The fiducial limits of the MHD (P=0.95) were 67 and 150 % under the above conditions . Procedure for exposing the rabbit muscle to a spontaneous strike by a poisonous snake : A piece of fresh muscle weighing 20 g was removed from a killed rabbit and attached to a tip of a piece of wire. The muscle was then placed in a cage to receive a spontaneous strike by a snake.
Extraction of the venom from the muscle : The piece of muscle injected with the venom was immediately minced with a pair of scissors , ground in 100 ml of the buffer with a mortar and pestle, and homogenized with a blender . Total volume of the homogenate was 120 ml. The homogenate was immediately filtered and the filtrate assayed for toxic activity. AMOUNT 
OF VENOM EJECTED BY A SNAKE BITE
The periods between the injection and extraction and also between the extraction and the activity assay were varied to compare the recoveries of the toxic activities. The recovery was not affected by different intervals between the injection and the extraction or the extraction and the activity determination, provided that the intervals between two successive procedures did not exceed 1 hr. The toxic activity of the venom solution was not affected by homogenization; homogenate of noninjected rabbit muscle did not cause any appreciable skin reaction.
RESULTS

Recovery of Hemorrhagic Activity in Muscle Extracts
Two-tenth ml of a 10 % solution of the venom of T. flavoviridis was injected into each of 5 pieces of rabbit muscle with a syringe. Determination of the recovery of the hemorrhagic activity by extraction was made.
The results are shown in Table I . No significant variation in the recovery of venom was observed . The average recovery of venom by this method was 90.5 %.
Recoveries of hemorrhagic activity in extracts of muscle pieces injected with various amounts of venom were then examined.
Each muscle piece was injected with 0.2 ml of each venom solution containing 80, 40, 20 or 10 mg, and then extracted.
Each extract was assayed for hemorrhagic activity.
As shown in Table  II , no significant variation in recovery resulted from different amounts of venom injected. 
Recovery of Lethal Toxicity in Muscle Extracts
The recovery of the venom injected in terms of lethal toxicity in mice was also determined.
One ml of a 10 % solution of venom was injected into a piece of rabbit muscle. The venom was extracted and the extract was injected intravenously into mice. The results are shown in Table III. Four experiments gave no significant variation in recovery. The average recovery of venom was 83.5 %, which is similar to that obtained by the rabbit skin test. ** Total LD50 contained in one ml of the venom solution used for the experiment.
Quantity of Venom Ejected by a Single Bite of a Venomous Snake
Each 20-g piece of rabbit muscle was subjected to an actual attack by a venomous snake. The venom ejected was extracted from the muscle piece and the extract assayed for hemorrhagic activity.
The snake was then milked to estimate the total available venom. for estimating the total available venom. The total available venom may theoretically be defined as the amount of venom possessed by a snake in its venom glands, but actually it is the quantity of venom that can be milked from the glands. The total activity of the venom ejected at a bite, (a), was calculated from the formula : (a) = The amount of venom ejected was calculated from the formula (a)/(b) and the total available venom from the formula (a)/(b) + (c). The percentage of the venom ejected to the total available venom was calculated from the formula : AMOUNT OF VENOM EJECTED BY A SNAKE BITE
•¬ The amount of venom ejected by a single bite of T. flavoviridis or T . elegans was determined by the above procedure with 17 specimens of the former and 21 of the latter species. The results are shown in Table V and VI.
The average body length of T. flavoviridis was 143 .8 cm and the average total available venom was 0.816 ml. The average amount of venom ejected at a single bite was 0.0802 ml (13.2 mg dry weight) or 9.83 % of the total available venom. The average body length of T. elegans was 116.3 cm , and the total available venom 1.119 ml. The average amount of venom ejected at a single bite was 0.0717 ml (11.6 mg dry weight) or 6.4 % of the amount of the total available venom. There was, however, considerable variation in the amount ejected with respect to both T . flavoviridis and T. elegans.
Quantity of Venom Ejected at Successive Bites
The amount of venom ejected at successive bites was estimated with two specimens of T. elegans.
Three pieces of rabbit muscle were successively exposed to a single bite by the same snake and the amount of venom ejected into each piece was determined by the rabbit skin test. The results are shown in Table VII . The total amount of venom ejected at three successive bites by one snake corresponded to 16.6 % of the total available venom and by the other 14 .3 %. The total amount of venom was about three times the quantity ejected at a single bite .
Correlation
Between Body Length and Total Available Venom
The correlation between the body length of a snake and the amount of total Vol. 25 KONDO et al. available venom was examined with 57 specimens of T. flavoviridis. The correlation coefficient (r) of 0.6611 showed a significant correlation ; the regression coefficient (b) was 0.0092.
DISCUSSION
We have established a new procedure for determining the amount of venom ejected by the bite of a poisonous snake.
A known quantity of venom was injected into pieces of fresh rabbit muscle with a syringe ; the toxin was extracted and the recovery of the toxic activity was determined.
The recovery by this procedure was about 90 % in terms of hemorrhagic activity and about 84 % in terms of lethal toxicity for mice.
These results seem to warrant the use of this procedure in estimating the amount of venom ejected by the actual bite of a poisonous snake.
The venom ejected at a single bite by T. flavoviridis averaged 0.0802 ml or 9.83 of the total amount of venom available in the glands.
There was, however, a considerable variation in the amount of ejection (0.016 ml to 0.203 ml). The average amount of venom ejected by a single bite of T. elegans was 0.0717 ml or 6.41 % of the total available venom.
There was also a considerable variation in this species (0.01 to 0.190 ml). Kochva (1960) exposed mice to the attacks by 150 snakes of Vi pera palaesti nae and estimated the amount of a single ejection of venom from the difference in body weight of mice before and after the attack.
According to his report, about 11 % of the total available venom was ejected at a single bite. The reported amount ejected and its variation do not differ markedly from ours.
In the present work we also determined the amount of venom ejected by T. elengans at successive bites.
The total amount of the venom ejected by a snake at three successive bites was approximately three times the amount ejected at a single bite.
An apparent correlation between the body length of the snake and the total available venom was observed.. We can estimate, therefore, the total available venom as well as the amount of the venom ejected at a single bite from the body length of the snake.
In the present investigation, the toxic activity was determined mainly by skin reaction in rabbits.
However, determination of the lethal toxicity in mice may be more practical for most species of Elapidae since their venoms except that of Ophiophagus hannah contain no hemorrhagic principles (Ohsaka et al., 1966) .
Since the present study was made with the snakes kept in the laboratory for 2-3 months, further study will be needed to find whether the present procedure is applicable to the bites of wild poisonous snakes.
